Patches of short grasses and herbs (Greens) are important grazing resources for sheep in the Falkland Islands. Little was known of their origins or diversity making it difficult to select management options for sustainable grazing.
INTRODUCTION
The vegetation of the Falkland Islands (51   o   53 o S; 57 o 62 o W) has been described as oceanic heath with two associations; those in which the grass Cortaderia pilosa is dominant and those in which dwarf shrubs e.g. Empetrum rubrum, are dominant (Moore 1968) . The Cortaderia associations tend to be found on areas where the drainage is poor to moderate whereas the dwarf shrub heath usually occurs on drier ground. The vascular flora of the islands consists of 348 species, 171 of which are believed to be native (Broughton and McAdam 2002) .
Agriculture is confined to extensive sheep farming in large enclosures (89% > c. 2000 ha (Davies et al. 1971) . Traditionally, pasture improvement through reseeding and fertilising was practiced only on a very small scale. Recently the development of pastures with improved grasses and legumes has received much greater priority than previously.
The nutritional quality of the native pastures is low with C. pilosa, the dominant species, typically having 29 -73 % of dead matter in the herbage and consequently low organic matter digestibility (32 -45 %) ). Where C. pilosa occurs as separate tussocks intermingled with more productive and better quality grasses, the overall value of the pasture is higher (Summers & McAdam 1993) .
Throughout the oceanic heath formations numerous patches of short, dense hard grazed turf occur near streams, valleys and ponds. Similar vegetation formations can be found in coastal areas and around settlements in small paddocks. For most of the year the patches appear bright green which contrasts with the straw-brown colour of the surrounding Cortaderia grassland. Consequently, these formations are referred to locally as Greens.
Greens have long been recognised as an important grazing resource (Davies 1939) . Davies et al. (1971) estimated that Greens and tussock C. pilosa occupied 15 % of farms on East and West Falkland and up to 25 % of the pastures on the smaller, outer islands and regarded them as 'the most valuable grazings on the islands'. Summers (1985) estimated that Greens composed 9.5% (11,828 ha) of one farm and supported 81.7% (35,381 ha) of the total wild sheldgeese (Chlöephaga spp.) population on the farm. Although such data did not exist for sheep, casual aerial observation suggested that a similar pattern of grazing occurred.
The productivity and nutritional value of herbage from Greens was higher than from the surrounding pasture (Kerr & McAdam 1993) . Given the opportunity for free ranging behaviour and grazing selection that the herbivores (sheep, cattle, horses and sheldgeese) can exhibit, utilisation of Greens is much higher than that of the surrounding pasture. Thus the value of a particular large grazing paddock is often assessed on the extent of Greens that it contains.
One of the current thrusts of agronomic research in the islands is directed towards improved management and utilisation of the native pastures. Within this broad framework, more detailed knowledge of Greens was essential. Little was known about their underlying features and the inherent differences and similarities between Greens in terms of their origin, floristic composition, physiography and edaphic characteristics. This paper presents information that describes ordinates and classifies Greens and determines their environmental gradients. Such information will ultimately be of value in;
(a) Predicting change within and between Green types, (b) Assessing their contribution to the grazing resources and, (c) Prescribing options for their sustainable management.
MATERIAL AND METHODS

Sample selection
From an earlier land system analysis (King et al. 1969) , a vegetation distribution map (Davies 1939 ) and examination of aerial photographs, a stratified sampling strategy was adopted based on the main categories of Greens recognised by farmers viz.; 'Penguin', 'Valley', 'Pond', 'Settlement' and 'Paddock'. Due to the lack of a surfaced road network and difficult terrain as many Greens of each type as possible were sampled on a series of journeys between isolated settlements and into the surrounding countryside between December 1987 and March 1988 i.e. over one austral summer. The routes chosen ensured that Greens were sampled areas that represented the main soil types and geographic regions. In each locality sampling of Greens was random. In all, 35 farms were traversed and a total of 131 Greens were surveyed (Fig. 1) .
Data collected for each Green; (i) Environmental features
Geographic: Latitude and longitude, located on East or West Falkland or the smaller outlying islands.
Physiographic: Area, altitude, proximity to coast, topographic position, slope, aspect, shelter (degree and direction), proximity to freshwater stream or pond.
Biotic: Information from farmers on; the type of livestock carried, the likely stock density in the overall paddock, the type of use of each Green by livestock and the history of fire at each Green. The presence or absence of penguins was recorded. 
(ii) Floristic composition
Floristic composition in five 50 cm x 50 cm quadrats randomly located in each Green was estimated using the Domin scale (Kershaw 1973 ) of cover/abundance. Where species identification was occasionally difficult e.g. in the absence of flowers, specimens were grouped at the genus level.
(iii) Surrounding vegetation
The surrounding vegetation was classed according to Moore (1968) Other grass types (e.g. Hierochloë redolens dominant).
(iv) Herbage
The herbage in each of the five quadrats was clipped to ground level and bulked to give one sample per Green. This herbage was dried at 80 o C for 24 hours and weighed to determine the standing crop. A dried sub-sample was analysed for the proportions of N (total), Ca, K, Mg, and P using standard analytical techniques (MAFF 1987) .
(v) Soil
One soil core, 2.5 cm in diameter, was sampled to a depth of 15 cm in each of five quadrats and bulked to give one sample per Green. Samples were taken fresh to the laboratory where moisture content (oven dry %), pH, C:N, nitrate-N and ammonium-N, Ca, Mg, P and K were determined using standard analytical techniques (MAFF 1987) .
(vi) Other
The area of bare ground and the cover/abundance of all faecal material in each quadrat were estimated using the Domin scale.
Data analysis
The floristic data were averaged over the five quadrats recorded from each Green.
Four separate data matrices were created each of 131 Greens by the following attributes; 43 species and bare ground cover/abundance, nine environmental (geographic, physiographic and biotic) features, nine soil chemical and dung cover/ abundance, five herbage biomass, species diversity and chemical composition.
Where appropriate the soil chemical, herbage biomass and P composition, dung and bare ground were transformed to their natural logarithms (ln) prior to statistical analysis. Data matrices were edited as recommended by Gauch (1982) . "Rare" species (see Appendix I), that occurred in less than about 5% (7) of the Greens sampled, were deleted from the floristic matrix before classification and ordination.
Classification
To characterise the vegetation and to provide a classification that could be used during other studies on Greens, the floristic and bare ground cover/abundance data were divided into groups using a divisive hierarchical classification, the twoway indicator-species analysis "TWINSPAN" (Hill et al. 1975) . The default values were used, except as follows:
a. The number of pseudospecies cut off levels was set to four. These were 0.1, 4.0, 6.0, 8.0 on the Domin scale and represented the typical species cover/abundance categories of "present, a little, a lot, and more or less dominant" as suggested by Hill (1979a), b. The maximum level of divisions was set to three. This produced eight groups, beyond which clear ecological interpretation was not readily obtained.
Analyses of variance compared species, soil and herbage attributes between the communities of Greens identified by the classification and dominance between species within each community. Chi-square tests, with Yates' correction, were conducted to test for associations between the environmental features and the groups of Greens. Tables were constructed in which the environmental features, either binary or categorical, were the columns and the community groups were the rows. Tests were conducted only for groups formed at the first and second level of division. Beyond this level table entries were too small (<1) for valid tests to be conducted.
Ordination
To examine inter-site and inter-species relations the floristic data were ordinated using the detrended correspondence analysis program "DECORANA" (Hill 1979b ). To facilitate interpretation of possible environmental gradients, the communities formed in the classification were superimposed on the ordination co-ordinates. Additionally, arbitrary boundary lines were drawn in ordination space to highlight discrete communities.
Step down predictive regression
To examine relations between the vegetation and the soil and dung factors step down predictive regression equations were calculated for the first four ordination axes. Ordination positions of the sites were regressed against the soil chemical variables.
RESULTS
Geographic
Greens occurred widely on West Falkland (62), East Falkland (53) and on the three outlying islands (16) that were surveyed (Table 1a) .
Physiographic
The size of individual Greens ranged from about 0.01 ha to 136 ha with a mean of 10.7 ha. 64%, 29% and 7% were <5 ha, 5-20 ha and >20 ha, respectively. They varied greatly in shape, although on valley bottoms, the most common position (46%) (Table 1b), they often followed the shape of the valley. Greens on open plains (33%), mid-slopes (17%) and hill crests (4%) generally had irregular shapes. However, where Greens were associated with fence lines, paddock corners, or small paddocks (26%) their shapes often followed those of the fences. Greens found near penguin rookeries often followed the shape of the coast and sometimes APPENDIX I. Abbreviated and botanical names, taxonomic groups, origins, frequency of occurrence and mean Domin value of species found in a survey of patches of short grasses and herbs (Greens) in the Falkland Islands. Key: Group; D = dicotyledon, M = monocotyledon. All species are herbaceous except S = shrub and P = pteridophyte (Moore, 1968) . Origin; I = introduced, N = native (Moore, 1968) . Frequency; R = rare species, (present at <5% of sites). extended up to several hundred metres inland. 69% of the Greens were well sheltered (i.e. from at least two directions) and most commonly from the west (Table 1b) . 57% were close to streams and 15% to ponds, where the green often surrounded the pond (Table 1b ). All Greens were low lying (<83 m.a.s.l.) and 55% of sites were sloping.
Management and Utilisation
Accurate histories of fire in each paddock were difficult to obtain as many farms had changed ownership since sub-division of large farms began in 1980. However 18% of Greens had been burned within five years and at least another 13% in the previous five years. 72% of Greens were in large paddocks in which the annual stocking rate was low (<0.4 sheep/ha) (Table 1c) . Sheep alone were present at 56% of Greens, while at the rest cattle and/or horses were also present, particularly at Greens on the outlying islands (Table 1c ). 74% of Greens had been used frequently by livestock (Table 1c) . Well-worn tracks and abundant deposits of dung of varying age were present. These Greens were probably either bedding areas, or areas where livestock regularly congregated, were herded, or confined temporarily e.g. before and after sheep shearing.
Floristics
Of the 43 species or groups of species of higher plants identified, 23 were dicotyledons (forbs), 16 were monocotyledons (graminoids) and 4 pteridophytes (Appendix 1). The species were mainly herbaceous as only three species of shrubs were found. There were more forbs species than graminoids, but the graminoids occurred more frequently and had greater cover than the forbs. The average number of species per green was 11. The species or groups comprised c. 12% of the vascular flora of the Falkland Islands (Broughton & McAdam 1999) and c. 29% was alien to the Islands (Moore 1968 , Broughton & McAdam 2002 ) (Appendix I). The most dominant species were Agrostis spp, Juncus scheuchzerioides, Gunnera magellanica, and Poa pratensis. At least one of these species occurred in all Greens. Some Agrostis spp and P. pratensis are alien species. Lycopodium spp. was the most common pteridophyte. Greens were surrounded most frequently by grass and dwarf-shrub heath. 
Soils
Soil type ranged from highly organic, acidic peat on wetter sites to less acidic mineral clay loam on drier sites and occasionally sandy loam at coastal sites. The ranges and the means of soil pH, moisture content, exchangeable Ca, K, Mg, P, NH 4 -N, and NO 3 -N, C: N and dung cover are shown in Appendix II.
Herbage
The range and means for the amounts of standing crop, bare ground cover, species diversity and the levels of N, K, Mg, Ca, and P in the dried herbage are shown in Appendix II.
Wildlife
Penguins were present, often in large populations, at 22 sites. Magellanic penguins (Spheniscus magellanicus) and Gentoo penguins (Pygoscelis papua) were the most common species. King penguins (Aptenodytes patagonicus) were present at fewer APPENDIX II. Values, means, minima, and maxima for soil, dung and herbage factors of short grass and herb communities (Greens) in the Falkland Islands. Dv = Domin value of abundance/ cover. sites. Native sheldgeese (Chloëphaga rubidiceps, C. picta and C. hybrida) were frequently observed at sites near to ponds and in valleys but population densities were not recorded.
Classification
Eight plant communities (I -VIII) were recognised (Fig. 2) . They differed significantly (P<0.05) in standing crop, the levels of Mg and P in the dried herbage (Table 2) , the number of species and the cover/abundance of 16 of the main species (Table  3) , the cover of dung and the levels of K, Mg, P, NH 4 -N in the soil (Table 4 ). The main environmental features of each community were summarised in Table 5 .
Ordination
The eigenvalues for the four axes of the ordination of sites were 0.268, 0.236, 0.167 and 0.139 respectively. The best separation occurred along axis one and was between communities I-IV to the left and VI and VIII to the right (Fig. 3) . Also communities I-IV were almost distinct from VIII. The separation of the communities was not improved when the Greens were ordinated on the other axes combinations. Separation between the groups of communities also occurred at the first level of division in the classification. However, the separation was not as clear as that between the communities formed at the third level. Communities I-IV had relatively lower values on axis one than communi- ties V-VIII (Fig 3) . About 30% of all the sites were closely ordinated in an intermediate zone near the middle of axis 1. In the ordination of species on axes 1 and 2 (Fig. 4) four species (H. lanatus, L. scariosa, Sagina procumbens and B. magellanica) had relatively extreme values compared to the rest and were regarded as outliers. Bare ground cover was ordinated centrally. The other species ordinated into three groups (labelled X, Y and Z, Fig 4) . Although the species groups formed in the ordination did not exactly match those formed by the classification the order of species was similar in both methods.
Multiple regression
The soil and dung factors explained low proportions (20-32%) of the variation in the first four axes of the ordination (Table 5) . Explanatory gradients that included the soil and dung factors were slight and difficult to define from these factors alone. However, axis 1 represented positive gradients of Mg, P and dung cover and a negative gradient with soil moisture. Axis 2 represented a positive gradient with Ca and negative gradients with K and dung cover. Axis 3 represented positive gradients with NH 4 -N and a negative gradient with pH. Axis 4 represented a positive gradient with P and a negative gradient with Ca. 
DISCUSSION
Floristics
Several short-growing graminoids and forbs, some of which were alien species, dominated Greens. Generally Greens classified as Agrostis spp.-G. magellanica -J. scheuchzerioides -Poa spp. grassland. Although many of the species were common to the Cortaderia and Empetrum associations (Davies 1939 , Moore 1968 ) the shortness of the swards and the paucity of both tussock forming and dwarf shrub plants were distinctive floristic features of Greens.
Greens had many species in common with other grassland communities at similar latitudes. Greens were most similar to the Mesic grassland "meadows" of the Patagonian Steppe in Tierra del Fuego; dominated by J. scheuchzerioides and G. magellanica and which occurred in valleys or alongside watercourses (Moore 1983) . Greens were similar to the Fuegian Alpine "meadows" which had poor drainage and supported grassy vegetation, often dominated by Agrostis magellanica (Moore 1983) . The co-dominance of P. pratensis also occurred on grazing lawns in the steppe of Tierra del Fuego (Posse et al. 2000) . In the Northern Hemisphere, Greens were similar to the Agrostis/ Festuca ve- (Frame et al. 1985) and Welsh hills (Hughes 1958) . Floristically two main types of Greens could be distinguished viz. a. those with high cover of the forb G. magellanica in association with the grass Agrostis and b. those dominated by the grasses P. annua and P. pratensis. When the communities classified at level three were superimposed on the ordination (Fig. 3) the separation between communities was generally restricted to those at the extremes of the classification and dominated by these four species. Despite this simple distinction, the high constancy of a few species, especially J. scheuchzerioides, across most communities (Table  3) suggested that floristically Greens were more alike than they were different. It also suggested that the variation between Greens was more continuous than it was discrete. The floristic composition of the two largest communities, IV and V, which together contained 47% of all sites, supported this conclusion in that they both contained all the main species found in the other communities. Our data were typical of the "fuzzy" data sets which Equihua (1990) and other authors (reviewed in Belbin & McDonald 1993) regarded as suitable descriptions of the continuous (non-discrete) distribution of species along environmental gradients.
The floristic similarity of Greens and their distinctness from the dominant native grasslands suggested that they were specialised communities. A few dominant species have become adapted to a specific set of environmental factors. Greens occurred in a variety of topographic positions, most of which had relatively high levels of livestock occupancy in comparison to the other heath communities. The consequent disturbance, mainly through the grazing, treading and manuring by sheep was common to most Greens and was probably the primary cause of vegetative change from the Cortaderia/Empetrum dominant vegetation.
Soils
The soils of all Greens were acidic. While most had pH values in the expected range (4.1 5.0) for the land systems in the Falkland Islands (King et al. 1969 ) 23% of the soils had pH ranges which were more favourable for plant growth. These soils were from valley, pond or penguin Greens.
Most land facets had adequate levels of K and Mg in their soils and all had very low values for total P and exchangeable Ca, except soils from marine terraces and valley bottoms, which had higher than average values (King et al. 1969) . Our results confirmed that soils from Greens on these land facets had high values for all these minerals.
Herbage
The range in standing crop on Greens (Appendix IIb) was lower than for Cortaderia communities (2 -22 t/DM/ha) ). This was probably due more to differences in utilisation by herbivores than to differences in the herbage productivity between the two communities. Annual productivity of Greens was 4 -14 t DM/ha of which 65 -94% was utilised (Kerr & McAdam 1993) . As well as the differences in utilisation between different plant communities, they also found that utilisation was greater on coastal Greens, occupied by penguins, than on inland valleys, which were not.
The chemical composition of Greens herbage (Appendix II) may have encouraged their selective grazing by livestock in preference to other communities. N levels in herbage from Greens (1.3 -3.8%) were higher than those found in a range of herbaceous species (0.7 -2.5%) selected from other pastures in the Falkland Islands (Davies 1988) . The levels of Ca (0.1-0.5%), Mg (0.1 -0.6%), and K (0.9 -2.8%) found by Davies (1988) were similar to those found in Greens, (0.2 -1.0%, 0.2 -0.5% and 0.6 -2.5%, respectively) in our survey. He also found that the forb Gunnera magellanica, an abundant species in Greens, had relatively higher levels of N, Ca and Mg than the other species sampled, which were not abundant in Greens. This species may have been the source of the higher levels of Mg found in herbage from community II.
The chemical composition of herbage from Greens also compared favourably with that from similar communities in other cool temperate grasslands. The average N level (2.4%) of Greens was higher than that from grasslands on Soay (2.2%) (Milner & Gwynne 1974) , an extensively grazed Scottish island, and from upland grasslands in Wales (2.3%) (Hughes et al. 1964) . The latter herbage had slightly higher levels of K (1.7%) and similar levels of Ca (0.4%), P (0.2%) and Mg (0.25%) to those from Greens.
Relationships with animals
Disturbance by animal grazing, treading and defecation influenced the ecology of Greens to a great extent. Communities I-IV had probably been disturbed to a lesser extent than V-VIII since the latter had a greater cover of dung, more bare ground and generally less standing crop. Communities V-VIII also contained a greater proportion of species typically found in disturbed environments. Rumex acetosella and Poa pratensis (Davies 1939) are known colonisers of disturbed grasslands. Davies (1939) regarded J. scheuchzerioides as "highly resistant to grazing". P. annua was a characteristic species of overgrazed tussock grassland in South Georgia (Walton & Smith 1973 ) and P. pratensis had the same status in the steppe of Tierra del Fuego (Posse et al. 2000) and in the Scottish uplands (King & Nicholson 1964) . Colobanthus quitensis, a common species in community VIII, was associated with maritime tussock grassland in Tierra del Fuego, which was often disturbed by penguins, albatrosses and seals (Moore 1983) . Exotic plant species were associated with highly disturbed grasslands in temperate areas of Australia (McIntyre & Lavorel 1994) .
Inputs of nutrients from biotic sources probably had the greatest influence on the floristic and the chemical composition of Greens herbage and soils. Small deposits of calcareous shells exist and their potential to enhance Ca levels for agricultural purposes has been investigated by Miller (2000) and more recently by Radic & McAdam (2008) . Additionally, the traditional remoteness of the Falkland Islands from markets has, for economic reasons, resulted in little use of imported lime and fertilisers. Inputs of N via fixation in sown introduced legumes have been provisionally estimated as 66-69kg N/ha (Radic & McAdam 2008) . Only two greens contained a legume, viz. Trifolium repens. There are no native legumes. Furthermore it is only since 2000 that significant areas have been sown with introduced species (Miller et al. 2000) .
Penguins
The main input of nutrients to coastal Greens was from penguins. Their rookeries were exclusive to communities V-VIII and were associated strongly with communities VII-VIII. Treading and manuring by penguins may have contributed to the better soil fertility of communities V-VIII compared to that of I-IV. Community VIII had the highest level of soil and herbage P. In an associated study, one of the penguin Greens in community VIII produced about 14 t dm/ha in one year (Kerr & McAdam 1993) . This is one of the highest herbage production rates reported for any pasture in the Falkland Islands. The Green was grazed almost continuously and heavily by sheep and sheldgeese and was dominated by J. scheuchzerioides, P. annua and L. scariosa.
There were similarities in soil chemical status between Greens and some of the sub-Antarctic islands. Smith & French (1988) found 11 -93 ppm of available P on Marion Island. One sample from a community heavily influenced by seal and penguin excreta measured 179 ppm P. This was close to the maximum for Greens in our survey, which was sampled from a pond Green near to a penguin colony. Smith & French (1988) also found higher levels of Ca, (120 -460 ppm), K (117 -627 ppm) and Mg (106 -3086 ppm) than those found in our study.
Superior plant productivity related to enhanced soil fertility associated with penguin rookeries has been reported for other south Atlantic islands. On Marion Island, penguin excreta were composed of 80 % uric acid, which was rapidly converted to ammonia (Lindeboom 1984) . The soils, enriched in NH 4 -N, NO 3 -N (Smith 1978) and inorganic-P (Smith 1976) , sustained the improved vitality of many plants, such as Agrostis magellanica. The plants also had high levels of N and P in their leaves.
Sheep
Communities I-IV had similar floristic compositions associated with high levels of treading, manuring and grazing by sheep. Agrostis spp., G. magellanica and J. scheuchzerioides were common co-dominants of these communities. Their association with Greens where sheep habitually congregated or were herded suggests that the activities of sheep also had a major influence on Green ecology. Floristic differences between these communities were minor and confined to the relatively high abundance/cover of Leptinella scariosa in community III. This may have been related to flock management and the higher level of disturbance associated with the hea-vily stocked small paddocks in which these Greens occurred. Their soils had high levels of NH 4 -N and NO 3 -N compared to those of the other communities in this group.
Occupancy of Greens by sheep may also have been related to site exposure. The availability of shelter from the seasonally severe chilling winds (McAdam 1985) may have influenced the densities of sheep between exposed and sheltered sites, particularly in the large, low-lying and extensively managed paddocks. Sheltered Greens, such as those in communities V-VI, may have been frequented more often by livestock and consequently disturbed to a greater extent than more exposed Greens. A comparable mechanism also controlled the distribution of sheep on Soay. There, the weather, plant growth and animal heat loss in winter interacted to control sheep population densities on similar communities (Milner & Gwynne 1974) .
Floristic composition may also have been related to site drainage. The soils of the communities V-VIII were drier than those of communities I-IV and this may have favoured the higher abundance/cover of Poa pratensis and Aira praecox. The dryness of these sites may also have encouraged sheep to lie down more often there. In turn this may have concentrated the return of nutrients via excreta to these more fertile sites. Similarly, the composition of Festuca-Agrostis grasslands on Scottish hills was closely related to soil base status and moisture regime (King 1962) . There the effects could not be separated from those of grazing pressure and other environmental factors that influenced the selective grazing of species.
Cattle and horses
Other livestock may also have influenced the floristic composition of Greens communities through their selective preference for particular species and the subsequent dispersal of the seeds in excreta. The establishment of P. annua, P. pratensis, Agrostis spp, Juncus spp. and Rumex acetosella graminoids in cattle and sheep dung on Scottish moorland was favoured over that of dicotyledons (Welch 1985) . He proposed that cattle, through their defecation, enhanced the spread of grasses that attracted them. Thus cattle had a homogenising influence on the vegetation within their range. We did not find any difference in floristic composition between Greens occupied by mixed livestock and sheep alone. However the homogenising effect of cattle may have been true for all Greens in that, they were generally speciespoor, dominated by short-growing graminoids (Table  3 ) and had abundant deposits of faeces (Appendix IIa) from cattle, horses and sheep.
Sheldgeese
The native sheldgeese (Chlöephaga spp.) may also exert a considerable effect on Greens. The high constancy of J. scheuchzerioides in Greens may have been due to its preferential selection by the sheldgeese (Summers & Grieve 1982) and its ability to reproduce clonally (Moore 1983) . The sheldgeese may have encouraged the adventive spread of J. scheuchzerioides, particularly on pond and coastal Greens that they grazed frequently (Summers 1985) . Similarly, on tundra vegetation in Canada, the foraging activities of native sheldgeese (Anser caerulescens) enhanced the establishment of stoloniferous graminoids from vegetative propagules (Chou et al. 1992) .
Overall, sheldgeese may benefit the grazing value of Greens. Sheldgeese selectively graze Greens in preference to C. pilosa communities, but they consume (15% of the herbage with minimal adverse effects on pasture production (Summers 1985) . Additionally, the high productivity of Greens (Kerr & McAdam 1993) may be attributed to close grazing of the sward by sheldgeese. Jefferies et al. (1986) found that grazing by sheldgeese increased the net aboveground primary production of stands of Puccinellia phryganodes in Canadian tundra. This was attributed to the maintenance of high relative growth rates of axillary shoots of P. phryganodes in grazed areas. We found that the more productive Greens contained species that were preferentially grazed by sheldgeese, such as P. annua and P. pratensis (Summers & Grieve 1982) .
Sheldgeese may also have influenced Greens vegetation through their defecation. Summers & Grieve (1982) estimated that the daily output of faeces was 115 -253 g dm/bird with N levels of 3.5 -5.3 % OM. Given that geese population densities on Greens averaged 0.1 -7.8 birds/ha, the output of N was calculated to be 4 -718 kg ha/yr. As about 66% of N in the faeces of Canadian geese was esti-mated to be ammonia (Jefferies et al. 1986) it was probable that sheldgeese may have also positively affected N cycling on Greens.
The effects of the activities of each of sheep, cattle, horses, penguins and sheldgeese were difficult to separate. The effects of sheldgeese may only have been important around pond and coastal Greens where they gathered in large numbers. Defecation by penguins may have improved soil fertility and in turn enhanced herbage nutrient levels and greater herbivore activity. This agrees with the conclusion of Summers & Grieve (1982) that the main mechanisms of Poa Green development were intensive grazing, trampling and manuring.
Management
Greens were floristically more similar than they were dissimilar and their management may now be easier to plan than if discrete floristic groups had been found. The species composition was a continuum in which the ubiquitous J. scheuchzerioides was associated with G. magellanica and Agrostis spp. on relatively wetter, infertile and undisturbed sites and with Poa spp. on drier, fertile and disturbed sites. Also, the variation in species composition was not associated strongly with the traditional distinctions between Greens based on landscape position or use by livestock. Although communities I-IV were most frequently located in valleys and holding paddocks and communities V-VIII were most frequently coastal and found near ponds, Greens at these four locations occurred in all community groups.
The high productivity and nutritive value of Poa Greens has long been recognised but as they composed only about three per cent of the land, mainly along coasts and around settlements, their contribution to sheep diets was limited due to severe uncontrolled grazing (Davies 1939) . Kerr & McAdam (1993) confirmed their high productivity and utilisation by sheep and sheldgeese. This study showed that communities V and VIII, which were dominated by Poa spp were barer than communities I-IV (Table 3) and had fewer species than most other communities, except community I. Additionally, community VI had the highest cover/abundance of club mosses (Lycopodium spp.). These have little grazing value for livestock. Thus the productive potential of these Greens was degraded. Many of these Greens occurred on slopes and crests where the shallow soils had been eroded by frequent treading by livestock.
To minimise further degradation of Greens the heterogeneous patterns of grazing and utilisation that exist between Greens and the surrounding pastures need to be evened out. In the extensive hill pastures in the south island of New Zealand, Thorrold et al. (1985) found that increased stocking rates produced more even distributions of sheep grazing and dung than sub-division alone, although sub-division may have enhanced the effect of stocking rate. In the Falkland Islands land sub-division since 1980 has resulted in higher stocking rates than before (Summers et al. 1993) . Additionally, greater utilisation by sheep of C. pilosa pastures was achieved in summer by adjusting stocking rates in small (3 ha) paddocks according to changes in leaf length .
Recent research to improve the sustainability of sheep grazing in the Islands has demonstrated the potential of rotational grazing compared to continuous grazing, to improve sheep productivity on native pastures (Kerr & McAdam 2000 , Kerr 2002 and to use hay made from Cortaderia pilosa and fortified with supplements (Miller et al. 2005) . Under rotational grazing, areas containing Greens and the associated tussock C. pilosa were rested during summer and reserved for grazing during winter. Over three successive winters rotationally grazed wethers continued to gain weight in contrast to continuously grazed sheep, which lost weight (Kerr 2002 1 ). Consequently, annual production from rotational grazed sheep was also superior. The superior productivity of the rotational sheep was due mainly to improved availability and utilisation of Greens forage by the sheep during winter. This improvement was attributed to the four-month rest from grazing these pasture types received during late summer.
It is also suggested that the forage content of Poa Greens, the preferred grazing areas in the drier Empetrum heaths in the Islands, could be enhanced through controlled mixed grazing and nutrient input, particularly P. In Scotland cattle grazing and defecation depressed the growth of the Calluna vulgaris in favour of palatable graminoids e.g. Agrostis, Festuca and Juncus (Welch 1985) . P fertilisation to improve grass composition over that of the shrubs has been advocated for the Empetrum heaths in Tierra del Fuego (Mendoza et al. 1995) and in the Falkland Islands (Broughton 1999) .
In conclusion, the characteristics of the Greens studied reflected the combined effects of defoliation, defecation and treading of the sheep, cattle, horses, sheldgeese and penguins that frequented them. Their value for sheep grazing would be improved and sustained using management strategies that utilise and integrate the beneficial effects of the livestock and birds.
